Introduction
Radiation-induced necrosis is usually a late complication of brain irradiation. Symptoms may vary from focal neurologic deficits to generalized signs [1, 2] . Pathogenesis includes vascular endothelial cell damage that leads to vessel occlusion, resulting in coagulative necrosis and subsequent demyelination [1, 3] . The 3 most important predictors of radiation necrosis are: radiation dose, fractionation, and treatment volume [4] . The diagnosis is often challenging. MRI is usually used to help in the distinction between tumor and radiation necrosis, showing a contrast-enhancing mass with white matter changes and an edema within or adjacent to the site of the original tumor [5] . The mean interval to the onset of necrosis is around 12 months, although radiation necrosis can manifest as early as 3 months [6, 7] . Treatment of this condition is often challenging. Recently, an antibody against vascular endothelial growth factor (bevacizumab) has been reported to play a role in this condition. Informed consent from the patients was obtained.
Case 1
The first case is a 51-year-old woman who was diagnosed with metastatic melanoma in the lungs, with an unknown primary tumor. She underwent left inferior lobectomy. Two years later, the patient developed 3 metastatic brain lesions. The largest lesion was surgically resected. After brain surgery, she was treated with whole-brain radiation and fotemustine. Soon after the radiation had been completed, the other 2 lesions were treated with stereotactic radiosurgery (SRS). After 17 months of SRS, the patient presented with severe drowsiness and was unable to ambulate by herself. An MRI of the brain with perfusion and spectroscopy showed radionecrosis. Therapy with bevacizumab, 5 mg/kg every 2 weeks, associated with dexamethasone, 4 mg p.o. q.i.d., was used, and important clinical benefits were noted after 3 days with a complete reversal of her symptoms. During the following 2 months, dexamethasone was discontinued and the patient remained asymptomatic. After 3 months, the dose and the schedule of bevacizumab was modified to 7.5 mg/kg i.v. every 4 weeks. Seventeen months after the first bevacizumab dose was administered, the patient remained neurologically stable and was able to lead a normal life ( fig. 1 ).
Case 2
The second case is a 48-year-old woman who was initially diagnosed with cutaneous melanoma on the right deltoid region. Nine years later, she presented with subcutaneous and bone metastasis. She was treated with ipilimumab and achieved a complete systemic response. However, 3 weeks after her fourth dose of ipilimumab, a routine MRI of the brain showed a single brain metastasis. She underwent SRS followed by whole-brain irradiation. Three months later, the patient presented with partial seizures (facial tremor). A brain MRI with perfusion and spectroscopy showed severe vasogenic edema consistent with radionecrosis. A surgical approach to this lesion would have resulted in partial facial paresis; therefore, the patient refused the procedure.
The patient was started on dexamethasone, 4 mg p.o. t.i.d. for 3 months, with a partial seizure control, but during steroid taper, her seizures resumed. She was then started on bevacizumab, 5 mg/kg, with rapid clinical improvement. Due to her financial constraints, bevacizumab was scheduled every 6 weeks. Nonetheless, her symptoms disappeared and a repeat MRI of the brain showed an important reduction of the vasogenic edema (as shown in the FLAIR sequence of her MRI) ( fig. 2 ). After only 4 weeks since starting bevacizumab, dexamethasone was discontinued.
Discussion
Radiation necrosis can adversely impact the quality of life as much as the primary disease. Treatment of radiation necrosis can be challenging and traditionally includes surgical decompression and corticosteroids. Side effects of long-term corticosteroid therapy are wellknown and some patients do not respond to it in a satisfactory way, so new drugs are necessary to improve the treatment. Recently, bevacizumab, an antibody against vascular endothelial growth factor, has been studied with the intent to reduce edema in patients with radiation necrosis. The study revealed promising results [8, 9] .
The literature regarding the use of bevacizumab for the treatment of radiation necrosis is scarce. The studies mainly consist of case reports and a series of cases; issues regarding adequate dosing in this condition are still under debate.
To our knowledge, there are no established doses for the treatment of radionecrosis with bevacizumab; in the studies available, the doses vary from 5 to 7.5 mg/kg every 2 weeks and 7.5 mg/kg every 3 weeks [10] [11] [12] . Since cost and side effects are not negligible, the minimal dose necessary to reduce brain edema is of great interest. In 1 of our cases, we observed a dramatic clinical and radiological response to bevacizumab after a single dose of 5 mg/kg, and therefore we suggest that reduced doses may be very effective for the treatment of radionecrosis. More studies addressing this issue are warranted. The largest series of patients are from a Chinese study which reported the use of bevacizumab therapy administered for a minimum of 2 cycles in 17 patients (7.5 mg/kg, at a 2-week interval); it showed clinical improvement in 10 patients and all 17 were able to reduce the corticosteroid dose [12] .
Radiation necrosis can recur even months after bevacizumab treatment is discontinued, and a recent case report showed that retreatment with bevacizumab appears to be effective [12] .
To summarize, bevacizumab is a solid option in the edema management associated with radiation necrosis. For the purpose of edema control, it seems that doses as low as 5 mg/kg every 6 weeks may be effective. 
